Incontinentia pigmenti achromians, later renamed hypomelanosis of Ito A recent review2 identified over 70 published reports of HI. The consistent feature is the cutaneous manifestation, which consists of hypopigmentation without preceding vesicular or verrucous stages. The hypopigmented skin is distributed over the body in a pattern which conforms to the lines of Blaschko,3 namely zigzag over the spine, circumferential around the trunk stopping at the midline anteriorly, and linear down the arms and legs. Histologically, the only consistently reported feature is a reduction in the number of melanin granules in the basal layer of the epidermis.
A total of 74% of the reviewed patients2 had one or more abnormalities of the central nervous system, eyes, hair, teeth, or musculoskeletal system. There was no consistent clinical pattern, suggesting that HI may be a heterogeneous disorder. Most counselling is difficult for the families of affected subjects.
The fact that the skin markings follow Blaschko's lines led us to the hypothesis that all cases of HI are mosaics or chimeras. Interest in these lines, first described by Blaschko Each of these mechanisms can lead to different genetic relationships between the diploid and triploid tissues. Genetic marker studies may identify the mechanism responsible.
(1) In a chimera, the diploid and triploid tissues will contain different genetic markers of both maternal and paternal origin.
(2) Fusion with the second polar body will produce genetically identical diploid and triploid tissues, except that the triploid tissue will show both alleles of any maternal marker where the mother was heterozygous and recombination has led to second division segregation. These extra alleles would be seen with markers mapping in the distal parts of chromosomes, but not with markers near the centromeres.
(3) Loss of one haploid set from a triploid could lead to widely varying findings, depending on the origin of the triploid and on which haploid set was lost. Loss of one paternal set from a dispermic triploid is perhaps the most likely event, producing diploid tissue lacking some paternal markers present in the triploid tissue.
In summary, if the tissues show many differences in markers from both parents, the cause is chimerism; if the differences are in the paternal complement only, the mechanism involved double fertilisation or possibly a diploid sperm; and if the differences are in the maternal set only, a polar body was involved.
Studies of markers have been reported in several of the published diploid-triploid cases. In two,14 15 the triploid tissue contained extra maternal markers. In two,22 24 there was an extra paternal complement; one'6 with chromosome constitution 48, XXYY/71,XXXYY was ascribed to fertilisation by an abnormal sperm followed by incorporation of the second polar body, and one17 with46,XX/69,XXY chromosomes was probably a chimera. The minisatellite probe of Jeffreys12 greatly expands the power of such marker studies, provided that the diploid and triploid tissues can be separated. In our case 1, the presence of extra maternal markers in the mixed diploid-triploid fibroblasts compared to the pure diploid blood clearly points to a failure of maternal meiosis. The extra bands were faint, and in retrospect we suspect that the proportion of triploid cells in the samples grown for DNA extraction was considerably lower than in the shorter term cultures used for cytogenetic analysis. Because the extra bands were faint, we cannot be certain that maternal bands which were not seen really were absent from triploid cells, though this seems likely. Thus, we believe this patient arose by incorporation of the second polar body into a cleavage nucleus, but we cannot rule out reincorporation of the first polar body or failure of the first division of maternal meiosis followed by loss of one maternal haploid set.
In case 2, the triploid cells carried only one copy of a maternal lqh+ marker chromosome. This is a centromeric marker which therefore could not segregate at the second division of meiosis. This rules out the mechanism we favour for case 1, incorporation of the second polar body. With the minisatellite probes, we could show no differences between the diploid and triploid tissues. Unfortunately, the most likely explanation for this is that there were very few triploid cells in the cultures used for DNA extraction. The cytogenetic cultures from this patient showed only half as many triploid cells as case 1. This leaves the mechanism of origin uncertain. Perhaps case 2 started as a triploid by fertilisation by two sperm or by a diploid sperm where the second division had failed, and that later one paternal complement was lost in one cell line.
In future investigations of diploid-triploid mixoploids it would be advisable to use DNA from separated pure triploid cells for the marker studies, and to put more emphasis on chromosome heteromorphisms. In particular, fluorescent heteromorphisms3" would probably allow the origin of the triploid cell line to be established unambiguously from studies of the parents' blood and the mixed diploid-triploid fibroblasts. 34 show severe mental and physical retardation, peculiar facies, and flexion deformities of the joints. Pigment abnormalities of the skin have been described in chimeras identified through blood group testing.35 XX/XY chimeras are often ascertained through intersexuality, but XX/XX or XY/XY chimeras may only be detected by blood grouping or skin abnormalities.
Since our preliminary report of these three patients36 there have been several reports of HI or skin pigmentation in the lines of Blaschko with chromosomal mosaicism, many with the abnormal cell line detectable only in skin fibroblasts.3739
Our case 3 had only 46,XY cells in his blood and skin. We sought evidence that he might be an XY/XY chimera in four ways.
(1) We looked for chromosomal heteromorphisms in the parents which could be used to see whether both homologues of one parental pair could be found in different cells of the boy. We were unable to find any useful heteromorphisms in either parent (but we did not try fluorescent heteromorphisms311).
(2) We looked for differences in the band pattern with the minisatellite probe between the boy's blood and skin. We found none, but this could simply mean that both cell lines were present in all samples.
(3) We tested X linked DNA polymorphisms in the boy's blood for heterozygosity, which would show the presence of both X chromosomes from his mother. We found none with six polymorphisms.
(4) We checked the HLA-A and B types of the blood, but found only two antigens at each locus.
The findings do not rule out chimerism, but it is more likely that case 3 is a genetic mosaic for a postzygotic mutation. 
